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Receiver protectors (RPs) shield sensitive electronics from high-power incoming signals that might
damage them. Typical RP schemes range from simple fusing and PIN diodes, to superconducting
circuits and plasma cells – each having a variety of drawbacks associated with unacceptable sys-
tem downtime and self-destruction, to significant insertion losses and power consumption. Here,
we theoretically propose and experimentally demonstrate a unique self-shielding RP based on a
coupled-resonator-microwave-waveguide (CRMW) with a topological defect being inductively cou-
pled to a diode. This RP utilizes a charge-conjugation (C) symmetric resonant defect mode that is
robust against disorder and demonstrates high transmittance at low incident powers. When incident
power exceeds a critical value, a self-induced resonant trapping effect occurs leading to a dramatic
suppression of transmittance and a simultaneous increase of the reflectance close to unity. The
proposed RP device is self-protected from overheating and electrical breakdown and can be utilized
in radars, reflection altimeters, and a broad range of communication systems.
PACS numbers: 05.45.Mt
The Internet of Things (IoT), where everyday devices
and objects communicate with each other via electromag-
netic waves, is an incipient revolution that will dramat-
ically affect future generations. The envisaged intimate
exchange of information between autonomous vehicles,
drones, remotely controlled robots, and ”smart homes”
builds on stunning technological developments in con-
trolling electromagnetic signals with unprecedented pre-
cision. At the heart of present endeavors are 5G tech-
nologies targeting digital cellular networks [1]. The com-
munication within such a network can be either direct or
based on a server. In both cases each device needs to have
a communication channel, i.e., an antenna which acts as
a transceiver [1] (an automated transmitter and receiver)
for EM waves. These combined schemes require not only
an efficient signal reception, but must also be equipped
with a circuit component that will protect their sensi-
tive electronics from undesirable (deliberate or acciden-
tal) high-power incident radiation threatening to damage
them. These receiver protector (RP) schemes should be
efficient, cheap, and once the threat from the damaging
radiation is surpassed they must restore the transceiver
to full functionality as fast as possible without any ex-
ternal interaction.
Currently, RPs are already indispensable elements of
various microwave systems, such as radars, reflection al-
timeters, and communication systems, whose sensitive
electronic components are susceptible to damage from
high-power microwave energy [2–4]. The latter can cou-
ple into these systems through intended signal paths (like
antennas or sensors) or unintended entry points (like en-
closure slots and wire harnesses). In other occasions,
like in simultaneous transmit and receive (STAR) radar
systems [1], the threatening high-power microwave sig-
nals may be the reflected remnants of their own radar
transmitter output. These signals are usually on the or-
der of kWatts to MWatts of peak power – far too much
to survive for any electronic system at the receiver end
[see Fig. 1(a)]. Typical RPs are located between the an-
tenna and the sensitive rf components and are often com-
posed of multiple stages to meet protection specifications
[2, 4, 5]. In these configurations, a diode limiter[4] is used
at the final stage of protection. A serious drawback of
this scheme is the significant insertion loss; specifically,
if multiple diode stages are utilized. Another commonly
used RP scheme involves gas-tubes contained in a piece of
the transmission waveguide[6, 7]. The limiting action oc-
curs due to the breakdown of the gas at high powers into
a low-impedance plasma. Such RPs have limited opera-
tional lifetime due to the direct contact of the plasma that
erodes electrodes and contaminates or entraps the fill gas
[6]. For completeness we also mention superconducting-
based RP technologies[8–11], which, however, require a
high power consumption in order to keep the supercon-
ducting circuit at low temperatures. To summarize, the
new generation of RPs should: (a) maintain low insertion
losses for low incident powers, (b) develop abrupt limit-
ing action at the required limiting threshold (LT) powers
and, crucially, (c) also protect the RP itself from self-
destruction due to overheating or electrical breakdown.
Ideally, one also wants to control the LT externally. The
input power/fluence threshold above which the RP is de-
stroyed is known as the damage threshold. The ratio
of the damage to limiting thresholds defines the dynamic
range of the limiter and constitutes a figure of merit of the
RP performance. This reconfigurability is extremely use-
ful in case of multi-function rf system applications which
allow for many users to share the same antenna.
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FIG. 1. Proposed implementation of a receiver-protector
based on self-induced spontaneous C-symmetry violation of a
topological defect state. (a) Application in a radar setup. (b)
The RP consisting of 17 dielectric resonators with complex
eigenfrequencies νn = 6.885 GHz+i1.7 MHz structured by 4
dimers to the left, the central defect, and 4 dimers to the right.
The incoming signal is injected via the left antenna with a
power Pin and transmitted via the right antenna. The central
resonator is weakly coupled to both sides and has a diode
positioned on top of it using a Teflon spacer of 1 mm height
[see photograph in (c)]. (c) Shows the reflection spectra R =
|S11|2 for the isolated defect resonator for increasing input
power Pin ranging from -30 to 4.5 dBm in steps of 2.5 dBm.
To obtain these spectra a single antenna has been weakly
coupled to the system (tL = 16.5 MHz). The arrow indicates
direction of increasing Pin.
In this article we utilize concepts from topological pho-
tonics in order to demonstrate a self-shielding microwave
RP consisting of a one-dimensional array of resonators
coupled to a diode. This structure simultaneously sat-
isfies many of the above constraints via a unique pro-
tection mechanism. Topological photonics[12] aims to
implement ideas coming from the concept of a topologi-
cal insulator[13, 14], originating in the field of electronic
transport in condensed matter. This approach allows
to target devices with novel functionalities via specific
designs of photonic circuits. In this endeavor, the im-
plementation of symmetries in the circuits has proven
extremely useful. One particular achievement in these
efforts is the realization of topologically protected defect
modes that are resilient to fabrication or environment-
induced imperfections [15–19]. We utilize a non-linearly
functionalized topological mode as a RP communication
gateway that efficiently decouples at the LT, thereby
reflecting harmful signals while safeguarding both the
downstream components and the RP elements them-
selves.
Principle of Operation of the RP: The basic idea of the
proposed RP is as follows: For low incident powers the
RP shows a high peak resonant transmission associated
with a topologically induced resonant defect mode, based
on a charge-conjugation (C) symmetry as detailed further
below. When the power of the incident signal exceeds
a critical value, the non-linear losses of the diode are
activated. Then, the resonant mode experiences a self-
induced transition from an under-damping to an over-
damping regime leading to a destruction of the resonant
defect mode and a subsequent abrupt suppression of the
transmittance. At the same time the reflectance acquires
high (near-unity) values. Consequently, the sensitive
diode is protected from self-destruction due to heating
via the absorption of the incident energy, which now is
reflected back to a dumper channel. At the same time,
the destruction of the resonant defect mode at high inci-
dent powers also ensures the protection of the diode from
electrical breakdown. Note that the diode by itself can
be used as a RP as in conventional set-ups. Its imple-
mentation, however, as a component of the C-symmetric
photonic circuit[15, 16] leads to a prominently enhanced
dynamic range. We shall demonstrate this point by com-
paring the performance of the stand-alone diode with the
one demonstrated by our photonic circuit. Further in-
sight into the RP is gained by a theoretical modeling of
its transport characteristics. The analysis will also allow
us to identify the upper limits of the RP performance,
which are associated with the bulk absorption and the
couplings between the photonic circuit and the antennas.
The Receiver Protector and its Components: An im-
mediate application of our design is associated with radar
STAR systems, see Fig. 1a. The RP consists of a bipar-
tite coupled resonator microwave waveguide (CRMW)
array with a non-linear lossy defect, see Fig. 1(b). The
lattice has been implemented using an array of N =
17 high-index cylindrical resonators (radius r = 4 mm,
height h = 5 mm, made of ceramics (ZrSnTiO) with an
index of refraction nr ≈ 6) with resonance frequency
around ν0 ≈ 6.885 GHz and linewidth γ ≈ 1.7 MHz.
The resonators are placed at alternating distances d1 =
12 mm and d2 = 14 mm corresponding to strong (t1) and
weak (t2) evanescent couplings, respectively. The left-
most and rightmost resonators are connected to kink an-
tennas [see Fig. 1(b)], which are curled around the res-
onators to guarantee strong coupling to the electric field
in the xy-plane. The structure is shielded from above
with a metallic plate (not shown). A topological defect
is introduced by repeating the spacing d2 (weak coupling)
around the 9th resonator (nD = 9).
Static linear losses in a TP resonant mode can lead to
a dramatic suppression of the transmittance and a simul-
taneous increase of the reflectance and drop of the total
absorbance of the structure [19]. However, such a static
3realization would miss the crucial ingredient necessary
for its implementation as a RP, i.e., a self-regulated (non-
linear) loss mechanism triggered by the intensity of the
incoming field [17, 18]. Indeed, in the microwave regime,
there is a lack of materials with considerable non-linear
losses – as opposed to the optical and IR where mate-
rials with significant two-photon absorption mechanisms
are available [20, 21].
A ”hybrid” CRMW-diode structure can bypass this
constraint and can be used for the implementation of
non-linear losses in the microwave domain. The latter
are introduced by placing the diode (Detector Schottky
Diode SMS 7630-079LF from Skyworks) above the defect
resonator at n = nD = 9 using a spacer of Teflon [see
photograph in Fig. 1(c)]. The diode is short circuited
and coupled via a metallic ring with a diameter of 3 mm.
Thus the z-directional magnetic field[22] at the defect res-
onator of the transmitted signal is inductively coupled to
the fast diode. The strength of the magnetic field dictates
the value of the current at the ring and consequently the
voltage across the diode. The latter dictates the state of
the diode: the on-state is associated with high voltage
(high incident power) and leads to high losses at the de-
fect resonator; the off-state is associated to low voltage
(low incident power) and leads to low losses.
Modeling of the Photonic Circuit: The CRMW array
can be described by an effective coupled mode theory
Hamiltonian H
ωψn =
∑
m
Hnmψm, (1)
H =
∑
n
νn|n〉〈n|+
∑
n
tn,n+1(|n〉〈n+ 1|+ |n+ 1〉〈n|),
where ψn is the magnetic field amplitude and νn = ν =
ν0 + iγ is the resonance frequency of the n-th resonator.
The coupling constants tn−1,n describe the coupling be-
tween the (n − 1)th and nth resonator and takes only
two values t1 and t2. Furthermore, we can show that
HC + CH ≡ {H, C} = 0 where Cψn = (−1)nψ∗n, i.e., the
Hamiltonian H anticommutes with an antilinear oper-
ator (involving a complex conjugation), which defines a
charge-conjugation symmetry and can lead to topological
states[23].
In the absence of the defect resonator, one can in-
voke Bloch’s theorem and derive the dispersion relation
ω(k) = ν0±
√
t21 + t
2
2 + 2t1t2 cos(k) with wave-number k
(in case that γ 6= 0 the spectrum is ω˜(k) = ω(k) + iγ),
indicating the existence of two mini-bands at frequency
intervals ν0−t1−t2 < ω < ν0−|t1−t2| and ν0+|t1−t2| <
ω < ν0+t1+t2 separated by a band-gap of width 2|t1−t2|.
By means of transmission measurements we determined
the widths of the mini-bands and the gap allowing us to
extract the coupling values t1 = 68 MHz, t2 = 33 MHz.
These are in agreement with the values obtained from the
resonance splitting observed for two coupled resonators
with the corresponding distance d1 and d2[22, 24]. The
defect created by the two consecutive weak couplings sup-
ports a topological defect state with frequency ν0 in the
middle of the gap. The mode profile has a characteristic
staggered shape given by [16]
ψD ∼ (−1)
|n−nD|
2√
ξ
e−
|n−nD|
2ξ , if |n− nD| is even (2)
and 0 otherwise. The localization length ξ is given by
ξ = 1/ ln(t1/t2). Given that nD is odd the stationary
solution is supported only by the odd n sublattice. This
mode is protected by the C-symmetry against positional
disorder, even in the presence of inhomogeneous losses,
as long as the latter respects the bi-partite nature of the
lattice [15, 16].
When the diode is coupled to the defect resonator
nD = 9 it alters its complex resonant frequency. The
functional form of the PIN-diode non-linearity matches
well a saturable non-linear absorption
Ω(InD ) = z0 − z1
1
1 + αInD
. (3)
For the two limiting cases of weak and strong field in-
tensities we get Ω(InD ) = z0 − z1 for (I  1) and
Ω(InD ) = z0 for (I  1), respectively. The extracted
fitting parameters were z0 ≈ (−50 + 29.6i) MHz and
z1 ≈ (−50 + 22i) MHz, while α ≈ (0.2 − 2i) mW−1. For
low incident powers Ω(InD ) = z0− z1 ≈ 7iMHz is purely
imaginary. At the other limiting case of high incident
powers, the non-linear term reduces to Ω(InD ) = z0, with
a real part which is Re(z0)  Re(ν) = ν0 (by two or-
ders of magnitude) and thus can be safely disregard for
our modeling. In fact, the same argument can be gen-
eralized for the case of moderate incident powers where
one has to take into consideration the full expression for
Ω(InD ) given in Eq. 3. On the other hand, the resonance
linewidth is substantially increased as a function of the
incident power. For example, for high incident powers
we have that Im(z0) Im(ν) by an order of magnitude.
We therefore conclude that the increase of the power of
the incident radiation does mainly affect the imaginary
part of the resonant defect frequency νD.
The resulting non-linear resonant frequency is denoted
as νD = ν0 + Ω(InD ), where InD = |ψnD |2 is the lo-
cal field intensity. We have extracted its functional form
Ω(I) = z0 − z1 11+αInD by analyzing, both theoretically
and experimentally, the set-up consisting only of a sin-
gle antenna directly coupled to a defect resonator. Using
the coupled mode theory for this set-up, we have evalu-
ated analytically the reflectance R and absorbance A and
fitted these expressions to our measurements for various
incident powers Pin in order to extract the fitting con-
stants z0 = (−50 + 29.6i) MHz, z1 = (−50 + 22i) MHz,
and α = (0.2 − 2i) mW−1. It turns out that for low
incident powers Ω(InD ) ≈ 7iMHz, i.e., it is purely imag-
inary.
Finally, in the case of the scattering set-up the left and
right antennas are modeled as ideal leads, corresponding
to semi-infinite tight binding chains with constant hop-
ping amplitude t0 ≈ 100 MHz and constant on-site poten-
tial n ≈ ν0. Such leads support propagating waves with
4(a)
(b)
FIG. 2. (a) Measured transmission T = |S12|2 as a function
of frequency ω and input power Pin. (b) The logarithm of
transmittance log(Tn) at resonator n as a function of the input
power Pin.
dispersion relation ω = ν0 + 2t0 cos(k). The coupling co-
efficients tL ≈ 113.5 MHz (tR ≈ 90.5 MHz) between each
antenna and the leftmost (rightmost) CRMW resonator
are generally different from t0 and do not depend on Pin.
Their values have been determined by a least square fit of
the measured transmission spectrum T (ω) with the cor-
responding calculated one using our modeling scheme.
Scattering Analysis and Resonant Field Profile: The
measured transmittance T close to the resonant-mode
frequency ν0 at the middle of the band-gap is reported
in Fig. 2(a). The peak observed for small incident pow-
ers Pin is suppressed with increasing Pin. The rise at
the edges are due to the bands generated by the bipar-
tite structure. We have further checked that the spectral
position of the peak is not affected by a positional ran-
domness of the resonators (as long as they preserve the
bipartite nature of the structure); a consequence of the
topological protection due to C-symmetry. In Fig. 2(b)
we report the transmittance Tn from the incident antenna
to a scanning antenna placed on top of the n−th res-
onator. In the weak coupling limit between the scanning
antenna and the resonator, the measured transmittances
are directly connected with the field intensities at the n-
th resonator. The high transmission at the incident side
(n = 1) is defined by the decay of the evanescent cou-
pling to the incident 4 dimers. For small incident powers
an increase on the A (odd) sites is seen leading to higher
transmission through the RP. Note the switching of the
high transmission values from B (even) to A (odd) sites
around the defect site (nD = 9) for weak incident pow-
ers. At Pin ≈ −5 dBm a decrease of Tn is observed at
the defect position nD and the transport for larger Pin is
then dictated by sites with even index n, i.e., the trans-
port is governed by an evanescent wave in the band gap.
For large incident powers the support of transmission is
mainly from B sites, i.e., due to the evanescent wave of
a pure dimer chain with 8 dimers.
The transport properties of the CRMW array are an-
alyzed theoretically using a backward transfer matrix
approach[25, 26]. The one-step backward transfer ma-
trix Mn is:
(
ψn−1
ψn
)
= Mn
(
ψn
ψn+1
)
; Mn =
(
ω−νn
tn−1
− tn+1tn−1
1 0
)
.
(4)
We have supplemented Eq. 4, with the appropriate scat-
tering boundary conditions, ψn = te
ink for n ≥ N + 1
and ψn = r0e
ink + re−ink for n ≤ 0 describing a left inci-
dent propagating wave with amplitude r0 and reflection
coefficient r. Using the backward transfer map approach,
we obtained the transmittance and the scattering profile
of the defect mode.
In Fig. 3 we report the numerically evaluated scatter-
ing profile for fixed incident frequency ω = ν0 and three
representative incident field intensities. We first consider
(upper row of Fig. 3) the simple case where z0 = z1 and
γ = 0. In the limit of weak incident powers Ω(I) = 0 [see
Fig. 3(a)], the mode is exponentially localized around the
defect resonator and bears the characteristic signatures
of the staggered form associated with the defect mode of
the corresponding isolated C-symmetric Hamiltonian, see
Eq. 2. One difference is that the nodes of the defect mode
Eq. 2, turn to quasi-nodal points. We trace this feature
back to the existence of a small (but finite) line-width
broadening of the resonant mode due to the coupling
with the antennas. Nevertheless, this mode demonstrates
a high-quality factor leading to a high transmittance.
The situation changes entirely for incident waves with
moderate and large powers, see Figs. 3b,c, respectively.
In these cases, the resonant localized defect mode Eq. (2)
is progressively disintegrated due to the fact that the as-
sociated line-width has strongly increased. The latter is
now dictated by the non-linear losses ImΩ(I) occurring
at the defect resonator, rather than the radiative losses
associated with the edges of the CRMW. As a result, the
Q-factor of the resonant mode is deteriorated leading to
an underdamped-to-overdamped transition. The critical
incident intensity for which this transition occurs can be
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FIG. 3. Scattering profile for three representative incident powers: (a),(d) Weak incident power (-75 dBm); (b),(e) Intermediate
incident power (-40 dBm); (c),(f) High incident power (+17.5 dBm). In (a)-(c) the bulk losses are set to zero (γ = 0), an
(approximately) symmetric coupling is assumed (tL = 113.5 MHz ≈ tR = 90.5 MHz), and the defect resonance is perfectly
adjusted (Ω(I) = 0, i.e., z0 = z1) for low incident powers. In (d)-(f) we assume that z0 = (−50 + 29.6i) MHz and z1 =
(−50 + 22i) MHz take the values extracted from the best fit of transport measurements of the diode. Solid lines correspond to
the ideal case where the bulk losses at each resonator are γ = 0, dashed lines to γ = 1.7 MHz (measured experimental value
of our resonators), and the dotted line to the experimentally obtained profile. In all cases the scattering profiles have been
normalized with respect to the intensity at the first resonator |Ψ1|2.
estimated by imposing a critical coupling criterion:
Γrad ∼ Γbulk; (5)
Γrad ∼ |ψL|2 + |ψR|2 = 2
ξ
e−
|(N−1)/2−nD|
ξ , (6)
Γbulk ∼ Im(νD)|ψDnD |2 = Im(νD)/ξ , (7)
where both Γrad and Γbulk have been evaluated using first
order perturbation theory. We stress that this destruc-
tion of the localized resonant defect mode also signifies
the mitigation of any electrical breakdown effects for the
diode.
In Figs. 3(d)-(f) we show the scattering resonant pro-
files (solid lines) for the same incident powers as for the
upper panel, still assuming γ = 0 but with z0 6= z1 tak-
ing the experimentally measured values. Thus Ω(I) =
z0 − z1 6= 0 for low incident powers but still very small.
Nevertheless, this affects the staggered form of the reso-
nant field profile [(see Fig. 3(d)] and partially distorts the
resonant defect mode. As the incident power increases,
the resonant mode initially remains intact, see Fig. 3(e).
However, for even higher incident powers the defect mode
quickly deteriorates and does not show any remnants of
localization around the defect resonator. Rather, it de-
cays exponentially from the incident edge of the CRMW,
see Fig. 3(f). The same behavior is observed in the pres-
ence of bulk losses (dashed lines) from the resonators
(γ 6= 0). The latter describes nicely the experimental
profiles (dotted-dashed lines) shown in the same figure.
The transformation of the defect resonant mode Eq. (2)
to an exponentially decaying field signifies the on-set of
a suppressed transmittance – the latter being roughly
proportional to
∣∣∣ΨNΨ1 ∣∣∣2 ∼ exp(−N/ξ) with a characteris-
tic decay length ξ. Below, we shall quantify this expec-
tation for the transport properties of the RP by direct
evaluation of the transmittance T = |t/r0|2, reflectance
R = |r/r0|2 and absorbance A = 1 − T − R at resonant
frequency ν0.
Scattering Analysis and Performance of RP: The
transport features of our RP can be quantified via a di-
rect numerical evaluation of transmittance T , reflectance
R and absorbance A using the backward map associ-
ated with Eq. (4). A further theoretical analysis can
be carried out by noticing that the transport process is
divided in different parts: propagation before or after
the non-linear defect resonator, and propagation through
the non-linear defect. The first two (essentially identical)
processes can be easily carried over using the transfer ma-
trix (4). An analytical expression for the total left/right
backward transfer matrixM (L/R) is derived using Cheby-
shev’s identity. Using M (L/R) we calculate the field am-
plitudes just before and after the non-linear defect. Sub-
stituting these expressions in Eq. 4 for n = nD = 9
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FIG. 4. (a) Transmittance and (b) Absorbance of the pho-
tonic RP versus the intensity Pin of the incident electromag-
netic signal. The solid lines correspond to theoretical results,
while the black dots indicate our measurements from the set-
up of Fig. 1(b). Additionally the transmittance for the single
diode is shown (red line).
we derive final expressions for the transmittance and re-
flectance as:
T =
1
|µ1|2
∣∣∣[(ω−{ν+Ω(|tχ1|2)}t2 )+ µ2µ1 ]χ1 − χ2∣∣∣2 ; (8)
and
R = T
∣∣∣∣∣
(
µ∗1
ω − {ν + Ω(|tχ1|2)}
t2
+ µ∗2
)
χ1 − µ∗1χ2
∣∣∣∣∣
2
,
(9)
where µj =
i
2M
(L)
1j csc k +
1
2M
(L)
2j (1 − i cot k), and χj =
M
(R)
j1 + M
(R)
j2 e
ik. In the above expressions we have as-
sumed lossless resonators, i.e., γ = 0. In the case of
γ 6= 0, the conjugation symbol ’∗’ in Eq. 9 has to be un-
derstood so that it applies only to the imaginary unity
and not to the matrix elements M
(L)
1j or M
(L)
2j which, in
this case, are also complex numbers.
To further quantify the performance of our RP we
present in Fig. 4a the relative transmittance Trel =
T/Tlow (Tlow is the transmission at small incident powers)
versus incident power. The transmittance T is always
evaluated at the resonant frequency associated with the
specific incident power. Three different cases are consid-
ered: (a) zero bulk losses from the resonators γ = 0 and
zero linear losses of the diode z0 = z1 (ideal design; see
blue line); (b) zero bulk losses γ = 0 but non-zero linear
losses due to the presence of the diode z0 6= z1 (orange
line); and (c) non-zero bulk losses γ 6= 0 and non-zero lin-
ear losses due to the presence of the diode z0 6= z1 (cor-
responding to our experimental set-up; see black line).
In the same figure we present the measurements of our
RP (black dots). For comparison we additionally report
the transmittance for the single diode (red line). We
also indicate with vertical dashed lines the LT of each of
these cases, which has been identified as the value of the
incident power for which Trel ≈ 90%.
The excellent agreement between our theoretical re-
sults (black line) and the measurements is a direct con-
firmation of the accuracy of our non-linear coupled mode
modeling scheme, and verifies the proposed RP mech-
anism as described. It is obvious that our RP has a
dramatic limiting effect, providing three orders of mag-
nitude suppression of the transmittance. As opposed to
the stand-alone diode, we see that when the diode is in-
corporated in the CRMW array the LT has been reduced
by ≈ 15 dBm, while the theoretical upper bound (corre-
sponding to an ”ideal” design–see above) allows for a LT
which is ≈ 50 dBm smaller than the single diode.
Let us finally discuss the novelty of the proposed RP in
terms of self-protection against high incident power. We
have already substantiated the fact that the RP will pre-
vent electrical breakdown of the diode component due to
the destruction of the localized defect resonant mode at
high incident powers. However, there is another threat,
associated with excessively absorbed energy of the inci-
dent radiation by the sensitive diode. This amount of
energy turns to heat and will eventually lead to a de-
struction of the diode. Using Eqs. 4 we can show that
the absorbance at resonator nD is expressed in terms of
the field intensity at the defect resonator as:
AD = A
res
D +A
PIN
D ; (10)
AresD = 2γ
|ψDnD/r0|2
νg
, (11)
APIND = 2Im(Ω(I
D
nD ))
|ψDnD/r0|2
νg
, (12)
where νg = ∂ω(k)/∂k is the group velocity at the leads.
In Eq. 10, the term AresD is associated with the bulk losses
of the ceramic resonator, while APIND describes the en-
ergy absorbed by the PIN diode and is of main interest
for us. From Eq. 10 we have calculated APIND for the
three scenarios mentioned above. The results are pre-
sented in Fig. 4b together with the measurements of the
photonic RP (black dots). A nice agreement is again ob-
served between our measurements and the correspond-
ing theoretical curve (black line). In the case of high-
incident powers, all scenarios associated with the pho-
7tonic RP demonstrate more than one order of magnitude
reduced absorption with respect to the stand-alone diode
(red line). We conclude, therefore, that the coupling of
a standard diode with a CRMW array can mitigate its
destruction by overheating from high-power incident ra-
diation. In this limit, the proposed RP reflects almost all
of the energy, leading to a large dynamic range.
Conclusions: Utilizing the framework of topologi-
cal photonics, we have devised and implemented a re-
ceiver protector (RP) consisting of a bipartite CRMW
array coupled inductively at a defect site with a PIN-
diode with lossy non-linearity. For low incident powers,
the symmetry-protected defect resonance mode provides
robust high transmittance, which reduces prominently
when the power of the incident signal increases beyond
a critical value. This limiting threshold (LT) is reduced
considerably with respect to the corresponding LT of the
single PIN diode, as used in conventional designs. At
the same time, the damage threshold of the photonic RP
is increased via the reduction in absorbance by at least
one order of magnitude as compared to a typical RP as-
sociated with the stand-alone PIN diode. The defining
parameters of the CMRW setup, such as the couplings to
the leads or DC voltages applied to the diode, can in prin-
ciple be controlled externally, e.g., electronically, giving
rise to an adaptable design with a controllable LT. The
proposed scheme is scalable, can be printed in CMOS,
and can be used as a protection element for a variety of
rf transceiver set-ups.
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